1.6 mm), observations probe lower atmospheric pressures (higher altitudes), and we measure smaller phase-curve peak offsets relative to the other wavelengths (figs. S7 and S8). This is qualitatively consistent with variable brown dwarf measurements (33) and circulation-model predictions (25, 31, 32, 34) , which show that smaller displacements are expected at higher altitudes where radiative time scales are much shorter than the relevant dynamical time scales. However, the observed westward offset of the coldest regions from the antistellar point is puzzling and is not predicted by most models.
This work is based on observations made with the NASA-European Space Agency Hubble Space Telescope that were obtained at the Space Telescope Science Institute (STScI), which is operated by the Association of Universities for Research in Astronomy, Inc., under NASA contract NAS 5-26555. Data are available through the Mikulski Archive for Space Telescopes (MAST). We thank A. Vick and M. Reinhart of STScI for scheduling these observations, which are associated with program GO-13467. Support for this work was provided by NASA through a grant from the STScI, the Sagan Fellowship Program (to K.B.S.) as supported by NASA and administered by the NASA Exoplanet Science Institute (NExScI), the Alfred P. Sloan Foundation through a Sloan Research Fellowship (to J.L.B.), and the NSF through a Graduate Research Fellowship (to L.K. Male mammals often kill conspecific offspring. The benefits of such infanticide to males, and its costs to females, probably vary across mammalian social and mating systems. We used comparative analyses to show that infanticide primarily evolves in social mammals in which reproduction is monopolized by a minority of males. It has not promoted social counterstrategies such as female gregariousness, pair living, or changes in group size and sex ratio, but is successfully prevented by female sexual promiscuity, a paternity dilution strategy. These findings indicate that infanticide is a consequence, rather than a cause, of contrasts in mammalian social systems affecting the intensity of sexual conflict.
I
nfanticide by males is widespread in mammals and may be the main cause of infant mortality in some populations (1) . It has long been viewed as a sexually selected strategy that increases mating opportunities for killer males by shortening postpartum infertility in the victim's mother (2, 3) . This is supported by natural observations across taxa showing that males target unrelated infants and often impregnate the victim's mother afterward (1, 3, 4) . Attempts to explain the taxonomic distribution of infanticide have, however, been mainly limited to investigations of the life-history correlates of male infanticide (5) (6) (7) (8) , showing that it rarely occurs where it does not accelerate the mother's return to sexual activity, as in seasonal breeders who cannot resume cycling before the next breeding season (8) .
Several scenarios have linked the distribution of infanticide across species to the evolution of social organization and mating systems in mammals, and they remain largely untested or disputed (9, 10) . According to the sexual selection hypothesis, the distribution of infanticide is expected to be modulated by contrasts in social systems that affect the intensity of male intrasexual competition (3, 5, 8) . Male infanticide should thus be prevalent in species in which a few males mate with multiple females and monopolize most reproductive opportunities. However, females may respond to infanticide by developing counterstrategies that may refine patterns of associations across species. Social counterstrategies may include the evolution of female sociality (6, 11, 12) , of permanent male-female associations (13) (14) (15) , or of changes in the group sex ratio (6, 11, 12, 15) , because females may form coalitions with other females or with resident males to defend their progeny against male invaders. Additionally, females may mate with multiple partners to confuse paternity and dissuade infanticide (6, 16, 17) , which may thus be absent in species with pronounced sperm competition. The evolutionary arms race between the sexes driven by male infanticide has generated confusion and controversy regarding the role of infanticide in the evolution of mammalian societies, calling for more integrative studies.
We used information gathered on 260 mammal species, including 119 species with and 141 without infanticide (Fig. 1) , to perform phylogenetic analyses (18) infanticide has primarily evolved in species in which females breed throughout the year and some males have high reproductive monopoly, and whether it has selected for social and sexual counterstrategies, including transitions toward female gregariousness, permanent malefemale associations, changes in group size or sex ratio, or increases in female sexual promiscuity. We included infanticide records from wild populations in which the killer was unambiguously identified as an adult male. Species in which infanticide had never been observed were included only if natural observations on females and juveniles were available over more than three reproductive seasons, to minimize the risk of misclassifying them as "non-infanticidal." The phylogenetic relatedness between species was inferred from an updated mammalian supertree (19) , and analyses were also replicated in primates exclusively, which confirmed results obtained across mammals (see the supplementary materials).
The distribution of male infanticide is closely associated with the absence of seasonal or annual breeding (defined as an average interbirth interval of 360 to 370 days). Infanticide occurs in a majority of non-annual breeders (76% of 97 species), as compared to 28% of 134 annual breeders (lambda = 0.67, t = -4.0, P < 0.001). A long lactation (relative to gestation) and the absence of a postpartum oestrus, two life-history traits affecting the time to cycling resumption in mothers of killed infants, are also associated with male infanticide, although their association disappears when controlling for annual breeding [for both traits, P as estimated by Markov chain Monte Carlo methods for generalized linear mixed models (pMCMC) >0.08, whereas pMCMC for annual breeding <0.001]. Although previous studies have used the ratio of the duration of lactation to that of gestation to estimate infanticide risk (6) (7) (8) , our results reveal that this association is weak: Lactation exceeds gestation in 25 of 45 mammal species with infanticide and in 38 of 89 species without infanticide. Other aspects of life history were not associated with male infanticide (longevity: n = 210 species, pMCMC = 0.08; litter size: n = 230 species, pMCMC = 0.07; relative offspring weight at birth: n = 191 species, pMCMC = 0.59), suggesting that the evolution of infanticide is not determined by a species' pace of life. Overall, the possibility for females to breed throughout the year is the only life-history trait examined that significantly explains the distribution of infanticide, confirming previous work and suggesting that infanticidal males gain extra mating opportunities due to earlier cycle resumption of the victim's mother in non-annual breeders. Such males are thereby redirecting maternal investment from unrelated offspring toward their own future offspring.
Comparing the occurrence of male infanticide across social systems, we find that males commit infanticide more frequently in stable mixed-sex groups (66% of 112 species) than in solitary species [40% of 78 solitary species, P as estimated by phylogenetic analysis of variance (pAN) = 0.01], in species with female-only groups (23% of 31 species, pAN = 0.006), and in pair-living species (18% of 39 species, pAN < 0.001). Phylogenetic reconstructions confirm that variation in social organization is a key determinant of the evolution of male infanticide, which is more likely in stable bisexual groups than in any other social system (table S1). In addition, social groups contain, on average, 1 male per 2.5 females in species with male infanticide (SD = 1.7, n = 56 species) but only 1 male for 1.3 females in species without infanticide (SD = 3.2, n = 19 species, Fig. 2A ; lambda = 0.47, t = -3.3, P = 0.002; this is not an effect of differences in group sizes, because group size is similar in both sets of species: P = 0.28). Phylogenetic reconstructions suggest that a biased group sex ratio is a determinant, rather than a consequence, of the evolution of male infanticide: The strongest female biases are observed just before or at the transition toward male infanticide, whereas there are few or no subsequent changes once infanticide has evolved (see the supplementary materials).
In line with this, infanticide occurs more frequently where reproduction is monopolized by a few males (Fig. 2B) : The median percentage of offspring sired by the alpha male in a group is 67% (SD = 19.9, n = 15 species) in species with infanticide, compared to 35% (SD = 22.2, n = 5) in species without (lambda = 0.75, t = 3.9, P = 0.001). Finally, males retain their dominant position for shorter durations in species with infanticide ( Fig. 2C ): On average, dominance tenure covers two interbirth intervals (if the females were to successfully wean each litter) (SD = 1.0, n = 34 species), compared to four in species without infanticide (SD = 1.2, n = 6) (lambda = 0.0, t = -3.4, P = 0.001). These correlations hold after controlling for the effect of annual breeding, which may also affect male ability to monopolize females (table S2) . Overall, these findings indicate that a high male monopolization potential favors transitions toward infanticide by allowing males to maximize their reproductive output in systems where the costs of holding dominance shorten their breeding tenures (20) .
Male infanticide has been proposed to alter social evolution by favoring female gregariousness or permanent male-female associations or by promoting a higher number of resident males that may help mothers to protect their infants from male intruders. We found no support for any of these scenarios. Infanticide risk is low in solitary species, the ancestral mammalian social organization (9) , and as such is unlikely to motivate evolutionary transitions from a solitary lifestyle to other social organizations. Phylogenetic reconstructions confirm that male infanticide is significantly more likely to evolve after transitions toward group living than in their solitary ancestors. The presence of male infanticide does not increase the likelihood of a transition from solitary living to social monogamy, to female gregariousness, or to group living (table S1). In addition, among species living in stable bisexual groups, male infanticide is not linked to changes in the degree of female sociality (5.5 T 5.1 females per group in 56 infanticidal species as compared to 8.9 T 4.0 in 13 non-infanticidal species; pMCMC = 0.93). These findings indicate that infanticide by males did not trigger important transitions in mammalian social evolution. Population studies have nevertheless highlighted relationships between infanticide rates and group size (21) , suggesting that the social consequences of infanticide may differ within populations versus across species, or that selection exerted by infanticide is insufficient at inducing major shifts in mammalian social organization.
Infanticide risk may also lead to the evolution of sexual counterstrategies by females, who might prevent infanticide by mating with many males to dilute paternity (6, 16, 17) . To test this hypothesis, we investigated evolutionary relationships between infanticide and testis size, an indicator of the intensity of sperm competition (22, 23) . In support of the paternity dilution hypothesis, phylogenetic reconstructions indicate that relative testis size is larger in lineages in which more time has elapsed since the evolution of infanticide. State-dependent diversification models (24) show that increases in testis size follow rather than precede transitions to infanticide, because they are not detected on branches immediately before transitions to infanticide, suggesting that infanticide exerts directional selection on relative testis size (see the supplementary materials). In addition, infanticide is subsequently lost in lineages where testes have grown large ( Fig. 3 ; pMCMC = 0.02; see the supplementary results), indicating that infanticide may disappear where female attempts to prevent male sexual monopolization are successful.
Our findings support key predictions of the sexual selection hypothesis: Males primarily kill the offspring of rivals in stable bisexual groups where a few males monopolize reproduction over short periods. Increased testis size after evolutionary transitions to infanticide and secondary loss of infanticide in species with large testes suggest that female paternity dilution strategy efficiently reduces infanticide risk, and emphasizes the reversible nature of infanticide, which may appear and disappear according to the evolutionary arms race between the sexes. Although past studies failed to find comparative evidence for sexual counterstrategies to infanticide (7, 16) , our sample spanning all mammals, combined with phylogenetically controlled analyses, and our focus on testis size to index female sexual promiscuity may explain divergent results.
Our analyses build on five decades of field observations to understand the distribution of species differences in the occurrence of infanticide by males across mammalian societies. The evolution of infanticide is largely determined by variation in the intensity of male-male contest competition and has not promoted major switches in mammalian social organization. However, it has affected the evolution of mating systems by increasing female sexual promiscuity as a paternity dilution strategy. These findings suggest that the distribution of infanticide across mammals is a consequence of contrasts in social and mating systems and closely reflects variation in the intensity of intra-and intersexual conflict. Fig. 3 . Loss of male infanticide occurs in species with large testes. In some lineages in which males commit infanticide, testes appear to increase in size (relative to body mass) and subsequently, male infanticide is lost when testes have become relatively large. Increased catchment erosion and nutrient loading are commonly recognized impacts of deforestation on global wetlands. In contrast, an increase in water availability in deforested catchments is well known in modern studies but is rarely considered when evaluating past human impacts. We used a Budyko water balance approach, a meta-analysis of global wetland response to deforestation, and paleoecological studies from Australasia to explore this issue. After complete deforestation, we demonstrated that water available to wetlands increases by up to 15% of annual precipitation. This can convert ephemeral swamps to permanent lakes or even create new wetlands. This effect is globally significant, with 9 to 12% of wetlands affected, including 20 to 40% of Ramsar wetlands, but is widely unrecognized because human impact studies rarely test for it.
T he quality and quantity of water delivered to wetland ecosystems (including lakes) are key drivers of biodiversity and ecosystem function. There has been a major focus on the impact of catchment deforestation and changing land use on the quality of water draining to wetlands (e.g., nutrient and sediment loads) (1, 2), but there has been little attention paid to the legacy of deforestation on the water balance of wetlands. This is an important oversight, because hydrological studies have shown that cleared areas (grasslands and croplands) have about a one-third lower amount of actual evapotranspiration (ET) than do forests over a wide range of climates (3) . This has the effect of increasing water yields from deforested catchments (4-10) and should also increase the water available to wetlands ( fig. S1 ). Deforestation may therefore alter wetland ecosystems by increasing water depth and persistence and may even create new wetlands. This mechanism has previously been attributed to the onset of peat formation in Western Europe~5000 years ago (11), when humans first began large-scale deforestation in these catchments. How this impact should be manifest in terms of wetland hydrology and ecology in the wider spectrum of global deforestation and climate regimes has so far escaped attention.
We first explored this potential impact conceptually using the Budyko hypothesis (12) , which expresses the partitioning of water within catchments according to the annual supply and demand of atmospheric water. This widely used approach normalizes atmospheric demand [potential evaporation (EP)] and actual evaporation (E) to supply (precipitation, P) and hence is more useful than methods that only estimate absolute changes in EP (13). It assumes that over annual time scales, changes in soil and groundwater storages are small and can be related to catchment water yield (Q Y ) and other effects such as deforestation (3) . We used a well-defined relationship for the reduction in ET due to complete catchment deforestation (forest to grassland or cropland conversion) in the context of the Budyko hypothesis to predict normalized increases in water yield (Q Y /P) (14) . We find that Q Y /P should increase slowly in water-limited environments (EP/P > 1), reach a maximum close to the boundary between water-and energy-limited environments (EP/P ≈ 1), and decline very sharply within energy-limited environments (EP/P < 1) (Fig. 1 ). Extra water available to wetlands within deforested catchments is equivalent to 10 to 15% of annual rainfall when catchment EP/P is within the wide range of 0.4 to 2.2.
We used the relationship between water yield and EP/P derived from the Budyko water balance analysis with a global wetland database of 245,000 wetlands to investigate the effect of deforestation on global wetland hydrology (14) . There is considerable uncertainty surrounding the distribution of forest in the absence of clearance by humans (15), so we used a range of potential natural forest cover estimates in our calculations ( fig. S4 and table S1 ). Nine to 12% of global wetlands, including 20 to 40% of Ramsar wetlands, are situated in formerly forested areas. Water yield has increased by up to 460 mm in these catchments (Fig. 1, figs. S5 to S7, and table S2). In catchments with extremely high P, local water gain can exceed 600 mm ( Fig. 2A) . How this translates to hydrological changes in individual wetlands depends on the ratio of the catchment to wetland area and hypsometry. Wetlands with higher catchment-to-lake area ratios will have larger impacts, as will shallow and/or ephemeral systems, where these changes are amplified (16) .
To expand on the Budyko analysis, we performed a global meta-analysis on 317 wetland sites where Holocene deforestation and changes in the wetlands have been recorded (14) (Fig.  2B and database S1) . A significant increase in
